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Peripheral blood cytopenias result from a wide
variety of infectious diseases and may signiﬁ-
cantly complicate the prognosis and outcome of
those diseases. Infection with Gram-negative,
LPS-negative members of the Anaplasmataceae
family, including Anaplasma phagocytophilum and
Ehrlichia muris, results in bi- or pancytopenia. The
speciﬁc mechanisms responsible for the cytope-
nias are unknown.
Viruses and bacteria have profound yet often
discrepant effects on bone marrow (BM) and
circulating numbers of blood cells. Multiple line-
age cytopenias (bi- and pancytopenia) are a
frequent sequel of viral infections [1]. Different
viruses can directly infect BM stromal cells or
haematopoietic stem cells and ⁄ or modulate cyto-
kine production by accessory cells. Infections with
Gram-negative, LPS-positive bacteria result in an
endotoxin-mediated, acute phase, proinﬂamma-
tory cascade of events that result in granulocyte
efﬂux from the BM, peripheral neutrophilia and
BM hyperplasia [2]. In contrast, gram-negative,
LPS-negative bacteria, including members of the
Anaplasmataceae family, elicit a very different,
poorly-characterised, cascade of events. Haema-
tologic alterations in both natural and experimen-
tal infection include a marked thrombocytopenia,
moderate leukopenia (lymphopenia and neutro-
penia) and mild to moderate, non-regenerative
anaemia [3,4]. Cytopenias vary from profound
and irreversible (for example, dogs with chronic
E. canis infection) to moderate and transient.
Paradoxically, although Anaplasma family organ-
isms display cell tropism for speciﬁc haematopoi-
etic cell lineages, infection, regardless of aetiologic
agent, host species or cell target, is characterised
by bicytopenia or, occasionally, pancytopenia.
This suggests the potential for more global hae-
matopoietic disturbances. We hypothesised that
the cytopenias may be due in part to bacteria-
induced haematopoietic suppression.
C57 ⁄Bl6 mice were infected intraperitoneally
with E. muris and samples were collected on days
0–60 post-infection. C3H ⁄HeN mice were infested
with A. phagocytophilum-infected Ixodes scapularis
nymphal ticks and sampled on days 0–21 post-
infection. Blood samples were collected for a
complete blood cell analysis and quantitative PCR
for pathogen detection (A. phagocytophilum p44
DNA). BM was collected for haematopoietic
colony-forming assays, cytology, histology and
quantitative PCR. Cultured BM supernatants
from A. phagocytophilum infected mice were col-
lected for cytokine analysis.
Thrombocytopenia and anaemia (bicytopenia)
developed in both E. muris and A. phagocytophi-
lum-infected mice. Leukopenia was variable.
A. phagocytophilum infection induced signiﬁcant
decreases in BM proliferation and differentiation
from day 4 to day 21 post-infection, concurrent
with the cytopenias (Fig. 1). E. muris infection
resulted in a similarly dramatic decrease in BM
proliferation and differentiation on days 8 to 14
post-infection. Decreases in BM haematopoietic
production included all lineages. Haematopoietic
colony forming assays are supplemented with
cytokines and assess haematopoietic stem cell ⁄
progenitor cell activity in the absence of stromal
cells. As such, ﬁndings support infection-induced
alterations in stem cell differentiation, prolifera-
tion or mobilisation. Both thrombocytopenia and
myelosuppression were more severe in mice
infected with A. phagocytophilum via tick bite
compared with mice infected intraperitoneally in
previous studies. Thrombocytopenia did not cor-
relate with pathogen burden in blood, as assessed
by quantitative PCR, but was strongly correlated
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with BM colony numbers in A. phagocytophilum-
infected mice. This temporal association suggests
that rapid changes in BM may be contributing to
alterations in circulating platelet numbers. Cyto-
logic evaluation of BM revealed infection-induced
lymphocyte depletion and a reciprocal granulo-
cytic hyperplasia in both infection models, similar
to kinetics noted in other models of inﬂammation
[5]. In addition, A. phagocytophilum infection
resulted in BM production of myelosuppressive
chemokines, including the murine interleukin-8
homologues, macrophage inﬂammatory protein-2
and KC. Findings are compatible with previous
work that demonstrated a predominance of
myelosuppressive chemokines in human BM after
A. phagocytophilum infection [6]. Anaplasma fam-
ily pathogens appear to perturb normal haemat-
opoiesis, resulting in shifts in BM cell populations
and transient failure of haematopoietic colony
formation, which may contribute to peripheral
blood cytopenias.
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Fig. 1 Bone marrow was collected from Anaplasma phagocytophilum-infected and uninfected mice on days 0–21 after tick-
borne infection. An aliquot of BM was plated in duplicate and cultured in complete MethoCult media for 7–10 days
(StemCell Technologies) according to the manufacturer’s instructions. The colonies were counted and scored as
granulocytic ⁄monocytic, mixed or erythroid. Depicted are representative images of assays on day 7 after A.
phagocytophilum infection. (a) Infected mouse, low power. (b) Uninfected mouse, low power. (c) Infected mouse with
increased macrophages, high power. (d) Uninfected mouse, high power. (e) Infected mouse, high power. (f) Uninfected
mice infested with ticks, high power.
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